In this study, a potent uricase producing organism was isolated by a thorough screening and identified as Bacillus subtilis strain SP6 by using 16s rDNA sequencing. Response surface methodological optimization was employed for the enhanced production of uricase from newly isolated Bacillus subtilis strain SP6. In media optimization studies, Plackett Burman (PB) design was used for the selection of the critical media components; which were further optimized using central composite design (CCD). Lactose, soya peptone, uric acid and FeSO 4 .7H 2 O were found to be the critical factors influencing the enzyme production. Optimum uricase production with these factors was deduced using central composite design. Significant level of the factors were 12.2 g/L of lactose, 12.79 g/L of soya peptone, 2.55 g/L of uric acid and 0.00325 g/L FeSO 4 .7H 2 O. Use of statistical optimization upsurges uricase yield from 1.2 U/ml to 15.87 U/ml enhancing the overall production by 13.23 fold; which confirms that the model is effective for process optimization.
Introduction
Uricase (Urate oxidase EC 1.7.3.3) is an enzyme of purine degradation pathway which also catalyses the oxidative degradation of insoluble uric acid to completely soluble allantoin with generation of carbon dioxide and hydrogen peroxide. The enzymatic reaction is as follows;
Uricase play a vital role in the nitrogen metabolism. It has been most predominantly exploited in clinical biochemistry as a diagnostic reagent for measurement of uric acid in blood and other biological fluids [1] . Uricase enzyme is absent in human beings; as the gene responsible for uricase formation was lost during the early primate evolution. Uric acid acts as a powerful antioxidant, which can be useful in body to prevent the oxidative stress; hence this might be the reason for deletion of uricase genes from mammals [2] . Despite the fact of uric acid behaving as an antioxidant; it's over accumulation in the body is responsible for disease like hyperuricemia and its progressive forms like gout [3] , tophi [4] gouty nephropathy [5] and tumor lysis syndrome [6] . Now, the body does not have the system for uric acid metabolism so research has been directed on the treatment of hyperuricemia and related diseases with the external administration of uricase enzyme isolated from different sources. Uricase has been previously isolated from various sources like microorganisms [7, 8] , plants [9] and animals [10, 11] . An uricase from Aspergillus flavus (Uricozyme) is in the market for the treatment of tumor lysis syndrome, hyperuricemia and renal failure [12] . Currently, a new and prominent source of recombinant uricase came in the market (Rasburicase) which has higher tolerance and faster mechanism of action.
Till date, uricase has been isolated and purified from many sources. Plant sources like chickpea (Cicer arietimum L.), broad bean (Vicia faba major L.), wheat (Triticum aestivum L.) and animal sources like porcine and fish were studied for isolation and purification of uricase enzyme [9, 10, 11] . Uricases has also been purified from several microbial sources like Gliocladium viride [13] and Streptomyces [14] and Microbacteium spp. [15] . Bacillus fastidious [16] . Among all these sources bacterial sources are more useful and robust ones as they have limited requirements for the growth, faster growth rates and simple purification processes. All these pragmatic benefits facilitate the higher production of uricase enzyme in less time. Unlike the other sources have slower growth rates and their complex system requires costly purification processes hence can't be considered useful for large scale productions [17] . Though the uricase enzyme has been isolated from many organisms; there is a scope to uncover newer sources of uricases which are cost effective as well as having more specificity.
Process economics for any enzyme production is an important factor, especially for the industrially useful enzymes. The conventional procedures have certain limitations like they are time consuming, labor intensive and it fails to identify the interactions between critical factors affecting enzyme yield [18] . To overcome the disadvantages of traditional processes, superior technique like response surface methodology (RSM) is an outstanding approach by all means. RSM works on the principles of both the statistics and mathematics [17] . Its objective is to examine the interactive effects among all the variables and to optimize any kind of production. There were several reports on uricase optimization carried out using RSM. Optimization of uricase enzyme was previously reported from Pseudomonas [19] , licheniformis [20] . Therefore current study focuses on isolation, screening and identification of the potent uricase producer. This is followed by response surface methodological optimization of production medium for uricase enzyme.
Materials and methods

Isolation of strain
For the isolation of potent uricase producer, 1 gm of poultry waste sample was added to the minimal medium containing 0.25 g/L K 2 HPO 4, 17 g/L NH 4 NO 3, 0.25 g/L MgSO 4. 7H 2 O, 0.02 g/L NaCl, 0.02 g/L FeS-O 4. 7H 2 O and 2.5 g/L uric acid and kept in shaking incubator at 37 C for 48 hrs [21] . To isolate the pure culture of uricase producing microorganism, turbid broth was streak plated on uric acid agar plates containing uric acid 2.5 g/L and agar-agar 28 g/L; the plates were incubated at 37 C for 48 hrs. Discrete colonies having zone of clearance were uricase producers, which were stored and used for further study.
DNA isolation, identification and phylogenetic analysis of strain
Isolated strain was identified by 16S rDNA sequencing method. DNA extraction of potent uricolytic strain was performed by genomic DNA isolation by precipitation method. The isolated DNA was amplified by PCR. Conserved gene of 16s was amplified by using RDB 1 (5 0 -AGTTT- 
Uric acid plate assay
Uric acid plate assay was used for the qualitative analysis of the organisms having uricase activity [22] in which, the loopful colonies of the bacterial strain were spot inoculated on the uric acid agar plate. These plates were incubated at 37 C for 24 hrs. The strain having uricolytic ability will show clear zone around the colonies after complete incubation. Zone of clearance indicates uricase activity.
Enzyme assay
Enzyme activity of uricase can be measured either by formation of hydrogen peroxide or disappearance of uric acid. The disappearance of uric acid was measured at 293 nm as described by Mahler [23] . The reaction mixture contains, 3 ml of 20 mM sodium borate buffer of pH 9.0 containing 100 μl of 3.57 mM uric acid solution. The reaction was started by adding 50 μl of crude enzyme to the reaction mixture and incubated at 25 C for 10 min. The absorbance was measured at 293 nm by using UV visible spectrophotometer. Reduction in the uric acid concentration is measured by the difference between the absorbance of test and blank.1 unit (U) of enzyme activity was defined as, amount of uricase required to convert 1 μmol of uric acid into allantoin per minute at 25
C and pH 9.0, considering the millimolar extinction coefficient of uric acid (έ) at 293 nm as 12.6 mM À1 cm À1 [14] .
Uricase Calculation formula:
Units=ml enzyme ¼ ðΔA 293nm=min Test À ΔA 293nm=min BlankÞðBÞ ðdfÞ ð12:6ÞðCÞ
Where, 
Statistical experimental design for media optimization
Media optimization is essential for increased enzyme production. Initially efficacy of various carbon and nitrogen sources was checked classically for the enhancement of enzyme production. Design Expert STAT Ease software version 11 (Minneapolis, USA) was used for statistical optimization studies. The critical components affecting uricase enzyme production were evaluated using Plackett Burman design [24] . Most significant factors identified by PB design were further optimized with the help of central composite design. All experimental sets were conducted in triplicates and data presented as mean value with AESD.
Classical media optimization by one factor at a time method (OFAT)
Initially fermentation medium was optimized conventionally by one factor at a time method (OFAT). Carbon and nitrogen sources were screened to check their efficacy on the uricase enzyme yield. 1% w/v of various carbon sources (dextrose, fructose, lactose, CM cellulose, starch) as well as inorganic nitrogen sources (ammonium chloride, ammonium sulphate, urea, glycine, sodium nitrate) and organic nitrogen sources (soya peptone, yeast extract, beef extract, peptone) were used to check their effect on uricase production.
Placket Burman design for effective constituents
Statistical media optimization considered as a most important technique to optimize the production media for particular organisms producing specific products. For the screening of essential media components, effective carbon and nitrogen sources along with media (0), low level (À1) and high level (þ1) as shown in Table 1 . 24 hour old culture of Bacillus subtilis Strain SP6 was inoculated to the production media which was further incubated at 37 C for 24 hrs. Total 13 trials were conducted and its composition is given in Table 2 . Plackett-Burman experimental design is based on the first order model, which is as follows:
Where, Y is the response i.e. enzyme activity of uricase enzyme, βo is the model intercept and βi is the linear coefficient, and Xi is the level of the independent variable. Regression analysis determined the most significant variables with significant p value (<0.05) affecting uricase yield, which were further optimized using central composite design.
Central composite design for significant factors
Plackett Burman design identified lactose, soya peptone, uric acid and FeSO 4 .7H 2 O as critical components, which were affecting the uricase yield. These four variables were studied at five different levels (Àα, À1, 0, þ1, þα) as presented in Table 3 . A trial of 30 experiments was constructed using design matrix which has runs consisting 16 random points, 6 center points and 8 axial points (Table 4) . After performing experiments, the results were analyzed and a second order polynomial equation was fitted to the data carrying out multiple regression analysis (Eq. 3).
Where, Y is the response of uricase yield in units; A, B, C, D are the coded independent variables; β1, β2, β3 and β4 were linear coefficients; βo was the intercept term; β1β1, β2β2, β3β3 and β4β4 are the quadratic coefficients; β1β2, β1β3, β2β3, β1β4, β2β4, β3β4 are the interactive coefficients.
Results and discussion
Isolation and screening of strain
The uricase producing organisms were isolated using streak plate technique as shown in Fig. 1(a) 25 uricase producing strains were isolated from uric acid agar plates. Out of those 25 strains, most potent strain was selected on the basis of uric acid plate assay method, most significant production of uricase was observed for SP6 organism which showed bigger zone of clearance in minimum time on the area of spot inoculation Fig. 1(b) .
Identification of strain and phylogenetic analysis
Most potent uricase producer was identified by 16S rDNA sequencing method and identified as Bacillus subtilis strain SP6 which showed 99% sequence similarity with Bacillus subtilis. The sequence was deposited in GenBank with accession no. MG661743. Phylogenetic analysis was carried using MEGA 7 software and molecular phylogeny was constructed by using maximum likelihood method as shown in Fig. 2 .
Media optimization by one factor at a time method
Most potent carbon and nitrogen sources were selected by one factor at a time method. Each and every carbon sources tested, enhanced the uricase production, where lactose exhibited higher uricase yield (5.5 U/ ml) followed by dextrose (4.8 U/ml) as shown in Fig. 3 . Similarly lactose was found to be a good enhancer for uricase production by Sphingobacterium thalpophilum VITPCB5 [25] . While in case of various nitrogen sources tested at 1% level in the production medium, most of the organic sources significantly enhanced the uricase production whereas, nearly all inorganic sources moderately decreased the uricase production. Soya peptone acted as a best nitrogen source (Fig. 4) followed by beef extract while sodium nitrate, urea, and glycine drastically decreased the enzyme production. In contrast to this, urea acted as a best nitrogen source and enhanced the uricase production in case of Sphingobacterium thalpophilum VITPCB5 whereas; in case of uricase production by Gliocladium viride, yeast extract was found to be the best nitrogen source [13] . Bacillus subtilis strain SP6 showed remarkable enhancement in the uricase yield with the help of organic nitrogen sources rather than inorganic one.
Screening of significant factors by Plackett Burman design
On the basis of previous reports as well as experiments carried out under this study, total nine variables were selected and their effect was checked on uricase production by using PB design (Table 1) . Table 2 represents the yield of uricase production for each experimental design. The Statistical analysis using PB design (Table 5) whereas the other components like K 2 HPO 4, NH 4 NO 3, MgSO 4. 7H 2 O, NaCl were found insignificant with p values above 0.05 (Fig. 5) . First order polynomial equation was derived by using regression analysis as follows (Eq. 3),
It represents uricase production as a function of independent variables. The model F value of 30.88 emphasizes the model as significant, where there was only 0.01% chance, a model F value this large could occur due to noise. The p value <0.05 denotes that the model terms are significant. Interdependence of significant variables possibly cannot be illustrated by first order equation; so further investigation was conducted through a second order model in RSM experiment.
Medium optimization by RSM
Significant components obtained from PB design were further optimized by central composite design. The experimental design of CCD was developed by using four factors at two level factorials. Table no. 3 represents high and low levels of the components. Experimental design matrix and their results of CCD analysis were given in Table 4 . The obtained regression equation after ANOVA exhibited the level of uricase production as a function of different variables, such as lactose, soya peptone, uric acid and FeSO 4 .7H 2 O. The CCD results demonstrated the following second order polynomial equation on the basis of quadratic regression analysis. Fig. 3 . Effect of various carbon sources on uricase production. Collaborative effect of media components demonstrated by standard analysis of variance (ANOVA), regression coefficient, F values, and p values of variables were examined, and are illustrated in Table 6 . The model F value of 38.87 indicates that the proposed model is significant and there is only 0.01% chance that model F value, this large could occur due to noise. The values of "prob F" less than 0.05 showed model terms Adequate precision measures signal-to-noise ratio, precision ratio greater than 4.0 is desirable, and the ratio is 18.5284. Therefore, model can be used to navigate the design space. 3.42 is "Lack of Fit F value" which implies that the lack of fit is not significant relative to the pure error. Nonsignificant lack of fit is good which confirmed that the model equation was adequate to predict the uricase yield. The value of coefficient of variation (CV% ¼ 8.33) revealed the precision and reliability of the model. Fig. 6 showed the interaction among the components.
Interaction among the variables
Interactions between the significant variables for uricase enzyme production graphically studied by three dimensional (3D) plots and twodimensional (2D) contour plots [26] . Out of 4variables, 2 kept at optimum level while two kept at zero level, to evaluate the yield of uricase enzyme. Three dimensional (3D) plots and two-dimensional (2D) contour plot are simple and very easy to understand. Significance or non significance of the 3D plot and 2D contour plots depends on the circular or elliptical shape of the contour plots. Circular order shows non-significant interactions whereas elliptical order specifies significant interactions [27, 28] . Interaction between the lactose and soya peptone Fig. 6 (a1 a2 ) was found to be circular suggesting insignificant interaction in between them. The interaction among lactose and uric acid Fig. 6 (b1 b2) was nearly elliptical showing moderate effect on uricase production whereas lactose and FeSO 4 .7H 2 O Fig. 6 (c1 c2) showed elliptical 2D contour plots, suggesting significant interaction in between them. From the subfigure of Fig. 6 (d1 d2 ) interaction of uric acid and soya peptone moderately influencing the uricase yield. Fig. 6 (e1 e2) and (f1 f2) represent the interaction of soya peptone with FeSO 4 .7H 2 O and uric acid with FeSO 4 .7H 2 O respectively. Contour plots of these interactions found elliptical in nature, hence suggesting significant interactions with each other.
Experimental model validation
Proposed concentration to be used for higher uricase enzyme production are 12.2 g/L of lactose, 12.79 g/L of soya peptone, 2.55 g/L of uric acid and 0.00325 g/L FeSO 4 .7H 2 O. Optimized medium showed uricase production in much higher amounts than the un-optimized media. Bacillus subtilis strain SP6 was found to be a potent uricase producer having uricase production of 15.87 U/ml which is way better than the earlier reported Pseudomonas aeruginosa 7.1 U/ml [19] and Bacillus licheniformis (0.616 U/ml) [20] however it is lower than the uricases from Rhizopus stolonifer (26.70 U/ml) [29] . Streptomyces rochei (47.49 U/ml) [13] and Gliocladium viride (84.92 U/ml) [14] .
Conclusion
Present study describes the isolation of potent uricase producing bacterium as well as its optimization of uricase production. This newly isolated bacterium was subsequently identified as Bacillus subtilis strain SP6 on the basis of 16s rDNA sequencing. Lactose, soya peptone, uric acid and FeSO 4 .7H 2 O were the critical factors identified by PB design and were further optimized using CCD. Response surface methodologically optimized medium with simple carbon and nitrogen sources showed significant increase in the production of uricase enzyme. The yield of uricase was enhanced up to 13.23 fold in optimized medium as compared to initial production medium. To the best of our knowledge isolate Bacillus subtilis strain SP6 is the most potent uricase producing bacterium till date having ability to produce 15.87 U/ml of uricase enzyme which is higher than any bacterium earlier reported and close to some fungal uricase producers. Extension of this work will be chromatographic separation and purification of the uricase enzyme along with its complete biochemical and biophysical characterization. 
